Radiation-inactivation studies were performed on brush-border-membrane vesicles purified from rat kidney cortex. No alteration of the structural integrity of the vesicles was apparent in electron micrographs of irradiated and unirradiated vesicles. The size distributions of the vesicles were also similar for both populations. The molecular sizes of two-brush-border-membrane enzymes, alkaline phosphatase and 5'-nucleotidase, estimated by the radiation-inactivation technique, were 104 800 + 3500 and 89400 + 1800 Da respectively. Polyacrylamide-gel-electrophoresis patterns of membrane proteins remained unaltered by the radiation treatment, except in the region of higher-molecular-mass proteins, where destruction of the proteins was visible. The molecular size of two of these proteins was estimated from their mobilities in polyacrylamide gels and was similar to the target size, estimated from densitometric scanning of the gel. Intravesicular volume, estimated by the uptake of D-glucose at equilibrium, was unaffected by irradiation. Uptake of Na+, D-glucose and phosphate were measured in initial-rate conditions to avoid artifacts arising from a decrease in the driving force caused by a modification of membrane permeability. Na+-independent D-glucose and phosphate uptakes were totally unaffected in the dose range used (0-9 Mrad). The Na+-dependent uptake of D-glucose was studied in irradiated vesicles, and the molecular size of the transporter was found to be 288000 Da. The size of the Na+-dependent phosphate carrier was also estimated, and a value of 234000 Da was obtained.
INTRODUCTION
Phosphate transport by brush-border-membrane vesicles from kidney cortex has been studied extensively [1] [2] [3] . However, the identity of the carrier molecule and the molecular mechanism of transport still remain unknown in their details. A phosphate-binding proteolipid named phosphorin has been purified [4] , and it was suggested that it could be a part of the transport system. Reconstitution has been attempted, but the phosphate-carrier system does not reconstitute very well [5] . The main problem associated with a traditional purification approach, in addition to the reconstitution itself, is that co-transport proteins represent a very small percentage of the total membrane proteins [6] .
Radiation inactivation has been used to study the size and structure of both soluble and membrane-bound proteins [7, 8] . The main advantage of the radiationinactivation method is that it permits the measurement of the size of functional units in situ, without the need for isolating the protein, which might alter its subunit assembly or functional properties. This method has recently been applied to the brush-border-membrane vesicles to study peptidases [9] and other membranebound enzymes [10] . There are, however, very few studies concerning its applicability to transporters from brushborder membranes. The method has been applied to the glucose co-transport system [11] [12] [13] , for which a tetramer structure was proposed.
The first objective of the experiments reported here is to characterize the effects of irradiation on renal brushborder-membrane vesicles. Experiments showed that this method of study can be applied to brush-bordermembrane vesicles to obtain molecular characteristics of transport systems. In the second part, the method is applied to the glucose and phosphate carriers.
EXPERIMENTAL
Membrane vesicles were prepared from rat kidney cortex by the MgCl2 precipitation method [14] . The final pellet containing brush-border membranes was resuspended in a cryoprotective medium consisting of 0.15 M-KCl, 5 mM-Tris/Hepes, pH 7.5, 14o% (v/v) glycerol and 1.4% (v/v) sorbitol. Protein was measured by the method of Bradford [15] , by the Bio-Rad protein assay. The frozen samples (-78°C) were irradiated in a Gammacell model 220 
RESULTS

Structural integrity of irradiated vesicles
Membrane vesicles from irradiated and non-irradiated populations were examined by electron microscopy. As shown in Fig. 1 , there was no alteration of vesicle structure for an irradiated population of vesicles, compared to the control. Fig. 2 shows the distribution of vesicles according to their size. The dominant population had a radius of 50 nm, and most of the vesicles had a radius in the range 25-100 nm. This distribution was similar in control and irradiated samples. These results indicate that irradiation itself does not cause a physical alteration leading to major changes in the size of irradiated vesicles. Molecular-size determination of brush-border-membrane enzymes
In order to establish the validity of the irradiation method in our system, the inactivation of two intrinsic enzyme markers was investigated. For alkaline phosphatase, the inactivation curve gave a molecular size of 104800+3500 Da (Fig. 3a) . This value is similar to that reported for calf kidney alkaline phosphatase (1 15000) estimated by the same method [11] and for isolated alkaline phosphatase [20] purified by SDS/polyacrylamide-gel electrophoresis (120000). The estimated molecular size of 5'-nucleotidase was 89400 + 1800 Da (Fig. 3b) . This is similar to the value estimated in fibroblasts (80000) [21] , but somewhat higher than that found in rabbit kidney (58 000) [12] . Gel electrophoresis of membrane proteins Membrane proteins were separated by SDS/polyacrylamide-gel electrophoresis. As shown in Fig. 4(a) , there was no alteration of the general protein profile of the gel, as the radiation was increased from 0 to 11 Mrad (at -78°C). Proteins with molecular masses higher than 60000 Da are progressively destroyed by the irradiation. Proteins with molecular masses lower than 60000 were much less affected by the irradiation procedure. We have chosen two proteins as examples for validating the irradiation method of estimating molecular masses. The electrophoresis gel was scanned and the peaks corresponding to proteins a and ,1 were located' (Fig. 4b) . The heights of these peaks were measured and plotted as a function of the irradiation dose (Fig. 4c) . This allowed the estimation of the target size of protein a (355 000 Da) and protein , (167000 Da). A calibration plot obtained with standard proteins was used to estimate the molecular mass of the same two proteins: 345 000 Da for protein a and 147 000 Da for protein ,. The results obtained by the radiation-inactivation method are thus in good agreement with those obtained from a SDS/polyacrylamidegel-electrophoresis calibration plot. This confirms the validity of this method of measuring the molecular size of proteins in minimally altered renal brush-bordermembrane vesicles. Radiation inactivation of glucose-and phosphatetransport systems
In view of the experimental procedure related to the inactivation, we investigated the effects of the freeze-thaw cycle and cryoprotective medium to detect any alteration of the transport properties that could arise in the nonirradiated control vesicles. Fig. 5 shows that the Na'-gradient-dependent uptake of phosphate obtained with these vesicles was similar to that obtained with native vesicles [22] pronounced effect on the linearity of the uptake. In Phosphate uptake (a) was measured as described in Fig. 5. addition, there was no difference in the initial rate D-Glucose uptake (b) was measured from a solution of Na+ influx between control and irradiated vesicles containing 42 /uM-[3H]glucose, 14% glycerol, 1.4% (Table 1) .
sorbitol, 5 mM-Tris/Hepes, pH 7.5, and 150 mM-NaCl Glucose uptake was measured in vesicles subjected to (n = 3).
irradiation at doses up to 9 Mrad (Fig. 7a ). There was a progressive loss of transport activity measured in the presence of Na+ as a function of the dose administered to were estimated from the values of D-glucose uptake at the vesicles. In contrast, Na+-independent D-glucOse equilibrium, in the presence of NaCl. D-Glucose was influx, which is mainly diffusional, was totally unaffected chosen because this substrate does not bind to renal at these doses. The difference between these two fluxes brush-border membranes [23] . Its equilibrium value thus was calculated as the Na+-dependent influx, and a semirepresents the actual intravesicular space that it occupies.
logarithmic plot of these data indicates a simple As shown in Table 1 , there was no effect of irradiation on exponential dependence on radiation (Fig. 7b) . The
Vol. 252 of the molecular size of (a) Uptake was measured as described in Fig. Na+-dependent phosphate transport was calci difference between the uptake from incub;
containing Na+ (OI) and K+ (-) and are exp. log of the percentage of activity remaining (r D37-78 value was 4.47 + 0.27 Mrad, which c( a molecular size of 288 000 Da for the glucos Phosphate uptake was measured under t] described in Fig. 8 . Na+-independent phos; which is also diffusional, was totally unaf irradiation, but uptake measured in the pre showed a dose-dependent loss of activity ( Na+-dependent influx was calculated an Fig. 8(b) . The D37.78 value was 5.47+0.31 corresponds to a molecular size of 23400 phosphate transporter.
DISCUSSION
The structural integrity of vesicles was unaffected by irradiation: they remained similar dimensions and identical intravesici Cryoprotective medium was found to pla) role for the preservation of structure, a reported [23] . Functional integrity of the me also demonstrated on the basis of the abseni of irradiation on Na+-independent influx of i or phosphate, which are diffusional. These agreement with studies on water and ur which showed no variation in water transp irradiation [24] . Water transport was found to be a passive process, which does not require a protein carrier [24] . Possible artifacts arising from alteration of the driving forces caused by irradiation were also eliminated on the basis of measurements performed in initial-rate conditions. The irradiation effect was thus not caused by a decrease in the driving force, but resulted from the inactivation of the carrier. In addition,Na+ uptake itself was unaffected by the inactivation protocol, confirming the fact that the Na+ gradient was identical for treated and untreated vesicles. Here again, the cryoprotective medium was essential for the preservation of Na+ i--permeability, as was also indicated by others [11, 23] .
As brush-border membranes are composed of a great 10 variety of membrane proteins, it was necessary to verify the validity of the radiation-inactivation method in this system. [16] . In oligomeric proteins, the radiation-inactivation size could correspond found to be either to the subunits or the whole oligomer [8, 16] . in the future characterization of this transport system.
'ea transport,
The only reported evidence pertaining to the identiort caused by fication of a molecular structure possibly related to phosphate transport is the existence of a proteolipid with phosphate-binding characteristics [4] . The molecular size of this compound (14000 Da) is much smaller than that of the phosphate carrier reported here (234000 Da). The proteolipid would thus constitute only part of the transport protein. The high molecular mass reported here for the phosphate carrier suggests the possibility of a multimeric enzyme. In view of the fact that the Na+ gradient is responsible for the induction of important conformational changes in this carrier [29, 30] , it would be of future interest to see if these conformational changes involve any association and dissociation of monomers.
